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INTBODUCnCN 


Intractable  shock  in  acute  it^ocardial  infarction  is  a well 
recognized  clinical  prcblan,  currently  with  no  adequate  effective 
therapy  and  a prognosis  of  imninent  death.  Althoiigh  shock  has  been 
defined  in  mechanical  tenns  of  inadequate  tissue  perfusion,  there 
is  increasing  evidence  referring  shock  to  conditions  of  biochemical 
abnomalities  with  insufficient  energy  for  cellular  survival  be- 
cause of  decreased  ATP  production,  mitochcndriaLl  damage,  changes 
in  menbrane  permeability,  and  lysosctral  raertorane  rapture  leading 
to  irreversible  cell  damage  and  finadly  death  (1) . f^ocardial 
cell  death  is  believed  to  occur  vhen  intracellular  ATP  drops  below 
2.0u  moles/gram  and  the  anaerobic  metabolism  of  the  isdiienLc  heaurt 
oell  stops  (2) . In  studies  on  the  ischemic  - anoxia  produced  by 
the  acceleration  of  rats  at  20G,  survival  was  markedly  enhanced 
by  drastic  changes  in  pituitary  - adrenal  hormones  which  correlated 
with  the  madntenance  of  high  levels  of  ATP  in  the  brain  (3,4) . 

In  subsequent  studies  on  degenerative  biochemical  changes  in  anoxic 
stress  (5,6)  a new  bioregulatory  factor  was  discovered  which  has 
the  unic[ue  property  of  conserving  the  meohanisms  of  oxidative 
phosphorylation  of  isolated  mitochondria  in-vitro  under  degener- 
ative ccnditicns  leading  to  a cxinplete  loss  of  the  oxidative  energy 
transformation  process  (7) . This  factor,  currently  termed  PCBj^, 
is  a tetrameric  condensation  of  prostaglandin  B to  form  a new 


stable  free  radical  molecule  which  has  lost  all  the  described 
properties  of  the  parent  prostaalandins. 
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When  mitochondria  are  slowly  degenerated  by  ageing  at  0°C, 
follo/ed  by  a brief  additional  Mg"^  catalyzed  degeneraticn  at 
rocro  temperature,  a ccmplete  loss  of  oxidative  phosphorylation 
activity  occurs.  Ihe  addition  of  PGB^  to  the  reaction  preserves 
and  restores  oxidative  phosphorylation  to  nornal  levels  (7) . 

In  studies  with  inhibitors  or  Ca"*"*”  ccmpeting  for  phosphory- 
lation sites  on  the  mitochcndria,  PGB^  acted  to  sustain  oxidati.ve 
phosphorylation.  In  the  interplay  between  Ca"^  and  P(S^  an  in-vitro 
ocntrol  of  the  phosphorylation  level  could  be  achieved.  All  the 
effects  of  were  observed  with  so  called  "damaged"  mitochcndria. 
No  effect  of  PGB^  was  observed  with  normal,  intact  mitochondria. 
These  findings  suggested  the  use  of  PGB  in-vivo  for  the  anelior- 
aticn  and  survival  of  cellular  catcistrophes  invol'Hng  mitochondrial 
damage  resulting  in  shock  and  death  which  occur  in  is<±ieinic  - 
anoxia  pathology. 

The  intent  of  the  experimental  design  to  be  described  was  to 
evaluate  the  effect  of  in  the  restoration  of  tissue  and  organ 
function  after  lethal  periods  of  ischemia  and  hypoxia  had  irendered 
the  organ  intractable  to  the  most  effective  therapeutic  procedures 
prevalent.  Based  on  preliminary  studies,  the  e:5!erimental  procedure 
involved  evaluation  of  overall  ceu?diovasculau:  recovery  and  survival 
after  a period  of  ventricular  fibrillation  in  heart  with  a left 
ventricular  infairction  from  a oorcnaury  ligation.  This  provided 
an  insult  of  such  magnitude  that  reoovery  in  untreated  animals  is 
at  best  difficult  and  is  associated  with  a high  incidence  of 
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mortality  (8,9) . 

Me:iwods 

TVro  species  of  nmkeys,  Rhesus  (Macaca  imlata)  and  African 
Green  (Cercroithecus  aethiops) , were  used  in  these  studies. 

The  monkeys  were  anesthetized  with  pentobarbital  (30mg/Kg) 
and  a thorocotcny  cn  the  left  side  between  the  4th  and  5th 
intercostal  space  was  performed  under  positive  pressure  artificial 
respiration.  Catheters  were  placed  in  the  thoracic  or  abdoninal 
aorta  for  direct  recording  of  blood  pressure  and  heart  rate,  and 
in  the  vena  cava  for  venoclysis  with  Normasol,  pH  7.4  and  drug 
injection.  Lead  1 ECG  was  obtained  with  intradermal  electrodes. 

Two  stainless  steel  EZG  electrodes  were  anchored  3cm  apart  into 
the  skull  along  the  teitporal  ridge,  positioned  not  to  penetrate 
the  dura.  After  stabilization,  so  that  blood  pressvire  was  constant 
and  the  aninal  was  able  to  maintain  himself  without  assistance,  the 
left  anterior  interventricuiar  coronary  artery  was  ligated,  just 
past  the  major  branch,  approximately  1cm  frcin  its  origin.  In 
separate  studies  on  rhesus  monkeys  this  ligation  procedure  caused 
an  ischemic  region  extending  across  the  interventriculzu:  septum 
equal  to  27%  of  the  left  ventricular  mass,  when  measured  by  the 
radioactive  microsphere  technique  (10) . 

In  addition  to  eurteriail  blood  pressure,  EEG,  EGG  and  heart 
rate  which  were  recorded  on  all  animals,  measurement  of  myocardial 
segment  tension,  intraventricular  pressure,  dP/dt  and  end-diastolic 
pressure  as  well  as  arterial  blood  gases,  pK  and  blood  glucose 
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levels  were  carried  out  cn  selected  animals.  Since  this  latter 
infomaticn  afforded  little  data  correlative  with  the  recovery  or 
death  of  the  aninal  from  cardiogenic  shock,  it  will  not  be  referred 
to  further  in  this  paper. 

PoLkSi/ing  coronary  ligation,  ventricular  fibrillation  (VF) 
occurred  spontaneously  in  approximately  half  the  animals  in  10  to 
20  minutes.  In  those  animals  that  did  not  fibrillate  within  the 
20  minute  period  after  ligation,  VF  was  induced  electrically.  VF 
was  permitted  to  continue  for  specified  time  periods  ranging  frcm 
4 to  24  minutes. 

AT  the  end  of  the  prescribed  period  resuscitation  procedures 
were  started  consisting  of  (a)  intra-cardiac  injection  of  SOOug 
norepinephrine,  (b)  cardiac  massage  and  (c)  electrical  defib- 
rillation. "Ihe  FQBjj  treated  monkeys  received  the  same  resuscitation 
regimei  as  the  controls  but  with  the  additional  intra-cardiac 
injection  of  1 ng/kg  followed  by  cardiac  massage  and  electrical 
defibrillaticn.  For  these  ejqseriments  the  sodium  salt  of 
was  dissolved  in  Normasol  R to  a ooncentraticn  of  10  mg/ml. 

Chce  the  electric^LL  and  ocntractile  activity  of  the  heart  were 
reestablished,  the  animal  weis  allowed  to  recover  spontaneously. 

If  the  animal  remedned  in  shock,  norepinephrine  (1-lOug)  was  in- 
fused intravenaisly  until  the  animal  attained  a blood  pressure 
level  over  40/20nTO  Hg.  or  became  refractory  to  norepinephrine  and 
died.  If  the  monkey  recovered  from  the  first  4 min.  fibrillaticn 
and  became  stable  for  a period  of  20  bo  30  minutes,  the  animal 
was  subjected  to  the  next  higher  fibrillaticn  period  of  6 minutes. 
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In  this  manner  animals  were  subjected  sequentially  to  eoisodes 
of  fibrillation  of  4,  6,  8,  and  12  minutes  duration  with  20-30 
minute  recovery  periods  until  the  animal  died  in  shock  or 
successfully  surviv-d  the  course.  The  last  group  of  animals 
which  recovered  from  12  minutes  of  VF  were  subjected  to  24 
minutes  of  VF. 

Paired  ccntrol  and  treated  monkeys  were  run  on  the  sarre  day. 
»'!hen  a ocntrol  was  run  in  the  morning  of  one  day  and  a treated 
animal  in  the  afternoon,  the  order  was  reversed  with  the  next  pair. 
In  so  far  as  possible,  selection  of  the  animals  was  randan  except 
that  in  four  instances,  oontrol  monkeys,  that  had  failed  and  could 
not  be  brought  cut  of  shock  with  NE,  were  then  given  and 

revived  to  survive  the  sequential  fibrillation  series  to  24 
minutes. 

To  permit  evaluation  of  the  cardiovascular  shock  or  recovery 
with  over  a period  of  time  after  one  ischemic  event,  another 
series  of  studies  were  made  with  African  Green  itcnkeys  taken  to 
shock  state  by  a single  fibrillation  episode  of  either  8 or  12 
minutes.  Recovery  procedures  were  the  same  as  with  the  sequential 
fit>rillation  study  except  that  the  blood  pressure  levels  in  those 
animals  that  survived  the  initial  fibrillation  period  were  monitored 
for  at  least  two  hours.  In  general  those  animals  that  failed  in 
shock  did  so  within  the  first  hour  after  defibrillation.  This 
also  permitted  the  determination  of  the  ability  of  norepinephrine 
to  maintain  blood  pressure  levels  in  the  presence  or  absence  of 
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PG3^  and  thus  eveiluate  the  synergistic  effects  of  and  nore- 
pinephrine. 

For  the  electrcn  irdcrosccpic  studies,  rat  liver  nu-tcchondria 
were  isolated  by  differaatial  centrifugation  in  0.3M  sucrose 
containing  O.OOlM  versene  pH  7.4.  The  freshly  isolated  luitochon- 
dria  were  centrifuged  at  6000  G,  the  sucrose  removed  and  die  pellet 
layered  with  cold  5%  glutaraldehyde  in  O.lM  phosphate  buffer  cH 

7.4.  At  30  minute  inter/ails  the  fixing  reagent  was  ch^.ged  3 times, 

and  the  mi tochcndria , packed  in  ice, were  sent  for  electron  microscopy. 
For  the  ccntrol  and  es^jeriments , 4 mg  of  fifth  day  mi  tochcndria 

were  inciiaated  in  a mixture  containing  0.1  ml  of  0.1  M potassium 
phosphate  buffer  pH  7.4,  0.16  ml  of  0.2  M sodium x-ketoglutarate 

7.4,  0.1  ml  of  0.1  M Mg  So^  in  a total  volume  of  2.01  ml  for  15 
minutes  in  a sha3cer-bath  at  27  °C.  At  the  end  of  the  preincubatioi 
period,  the  assay  for  phosphoirylation  was  begun  by  the  addition 

of  0.15  ml  of  a mixture  of  0.05  ml  0.1  M ADP,  0.05  ml  0.1  M AMP 
and  0.05  ml  of  2 M KCl,  followed  irmediately  by  the  addition  of 
0.04  ml  of  3.75%  solution  of  crystalline  bovine  serum  albumin  to 
give  a final  mixture  of  2.2  ml.  Five  control  vessels,  and  five 
vessels  containing  lOug  in  addition, were  reacted  for  20  minutes 
with  constant  shaking.  The  reaction  vessels  were  pooled  in  ice 
cold  tubes  aind  centrifuged  at  10,000  G for  10  minutes.  The  super- 
natants were  removed  and  analyzed  for  phosphate  esterified  (11) . 

Ihe  pellets  then  were  fixed  with  cold  buffered  glutzir aldehyde  as 
before . 
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The  fixed  pellets  fran  eac±»  of  the  three  sanples  were  minced 
p’  with  a fresh  degreased  razor  blade  and  the  resulting  seginents  were 

immersed  in  Millonigs-phosphate  buffer  (MPB)  and  fixed  further  with 

i.1 

I 

1.0%  OsO^  in  the  MPB  for  one  hour.  Fixation  was  followed  by  rins- 
ing in  several  changes  of  MPB  and  dehydration  was  accanplished  in 
; a graded  series  of  alcohols  prior  to  einbedding  in  Epon.  Thin 

j 

sections  were  obtained  of  first  day  mitochondria,  fifth  d^ 
mitochondria  degenerated  for  15  minutes  and  reacted  for  oxidative 
phosphorylation  for  20  minutes,  and  fifth  day  mitochondria  plus 
PGB^  degenerated  for  15  minutes  and  reacted  for  oxidative  phos- 
phorylaticn  for  20  minutes. 

For  the  electron  microscopic  studies  of  heart  tissue,  the 
aorta  was  cannulated  and  the  beating  heart  was  perfused  retrograde 
at  a pressure  of  110  cm  H2O  initiailly  with  buffered  saline  and 
subsequently  with  1.25%  glutaraldehyde  buffered  with  0.08  M sodium 
caccdylate  and  0.03  M CaCl2  (pH  7.4) . Small  tissue  sanples  were 
obtained  frcm  normal,  margincil  (peri-ischemic)  and  ischemic  regicns 
and  were  immersed  in  the  same  fixative  for  a period  of  a ij  hour. 
Tissues  were  further  trimmed  to  segments  measuiring  about  0.5  nrn^ 
and  pcst-fxxed  in  1.0%  OsO^  (O.lM  caoodylate  with  3.0%  sucrose) 
at  4 C and  brought  to  roan  tatperature  for  a total  pest  fixaticn 
of  one  hour  duration.  The  tissue  wss  rinsed  2 times  in  0.2  M 
caoodylate  buffer  dehydra 'ted  in  a graded  series  of  alcohol  solutiens 
(30,  60,  90,  100  and  100%)  followed  by  two  changes  in  propylene 
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CDcide,  inipregnated  and  embedded  in  epocy.  Thin  sectioTS  of  the 
embedded  tissue  were  cut  with  a Sorval  Mr2B  ultramicrotane  fitted 
with  a diamond  knife  and  subsequently  post-stained  with  uranyl 
acetate  and  lead  citrate.  For  each  study,  nine  electron  images 
of  each  of  six  examples  were  recorded  at  electron  c^tiCeLl  magnifi- 
cations of  3,400  X and  8,200  X employing  an  RCA  EMJ-4  electron 
microsoope.  All  the  Eld  observations  and  interpretations  were  made 
by  Dr.  John  T.  Stasny. 


/ 


) 


7 

) 


I 


- 10  - 


.2. 


■ / 


/ 


NADC- 77308-60 


RESULTS 

A.  Studies  in  Rhesvis 

1.  Initial  Fibrillaticn.  Table  1 summarizes  the  results  of 
the  sxirvival  of  the  rhesvis  monkeys  subjected  to  periods  of  fib- 
rillaticn. A total  of  10  control  and  14  PGB  treated  animals 
were  subjected  to  an  initial  episode  of  VF  of  4 minutes  duration. 

At  the  end  of  this  period,  6 of  the  controls  and  all  14  of  the 

treated  recovered.  This  difference  is  statistically  signifi- 
cant at  P <0.02  (Fisher's  exact  test). 

2.  Seguentied  Fibrillation.  After  the  initial  episodes, 
animals  were  allowed  to  recover  and  were  subjected  to  progressively 
longer  periods  of  VF  of  6,  8,  12  and  24  minutes.  As  shcx^n  in 
Table  1,  the  cumraulative  survival  in  the  oontrols  decreased  from 
60%  at  4 minutes  to  25%  after  12  minute  episodes.  In  the 
treated  group,  the  100%  survived  rate  after  4 minutes  of  VF  was 
nainteiined  at  88%  after  the  sequential  exposure  to  6,  8 and  12 
minutes  of  VF.  This  difference  is  statisticadly  significant 

(P<  0.01  by  chi  squ2u:e  test) . 

Six  of  the  treated  animals  that  survived  the  12  min- 

ute period  were  exposed  to  24  minutes  of  VF.  Of  these,  5 
survived.  Of  the  four  controls  that  survived  12  minutes  of  VF, 
two  were  tested  at  24  minutes.  One  of  these  survived.  Specific 
statisticad  oompariscns  of  the  survivors  after  24  minutes  of  VF 
is  not  possible  since  not  all  the  animads  surdving  the  12 
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Table  1 

Survival  of  Control  and  Treated  Monkeys 

Si±)jected  to  Incrementail  Periods  of  Fibrillation 
aifter  Left  Anterior  Coronary  Artery  Ligation 


Control 

Treated 

Fibri  nation 
minutes 

Time 

Fibrillation 

minutes 

Monkey 

Nimber 

4 

6 

8 

12 

24 

Monkey 

Nuirber 

4 

6 

8 

12 

24 

18C 

F 

14E 

F 

31C 

F 

ISE 

S 

S 

S 

35C 

F 

19E 

S 

S 

S 

37C 

F 

20E 

S 

s 

S 

S 

32C 

S 

F 

21E 

s 

s 

S 

s 

33C 

S 

S 

F 

22E 

s 

s 

S 

s 

24C 

s 

s 

S 

S 

23E 

s 

s 

S 

s 

45C 

s 

F 

27E 

s 

s 

S 

s 

U£ 

F 

29E 

s 

s 

S 

s 

12C 

F 

36E 

s 

s 

S 

s 

13C 

S 

S 

S 

38E 

s 

s 

S 

s 

S 

16C 

S 

S 

F 

39E 

s 

s 

S 

s 

F 

17C 

F 

40E 

s 

s 

S 

s 

S 

26C 

F 

41E 

s 

s 

S 

s 

S 

25C 

s 

S 

S 

S 

F 

42E 

s 

s 

s 

s 

44C 

s 

S 

s 

S 

43E 

s 

s 

s 

s 

Cumulative  Percent  Survival 
60  44  31  25  100  94  94  88 

(P)  indicates  mcn3«ey  failed  to  recover  from  the  fibrillation  and 
sustain  a blood  pressure  above  shock.  (S)  indicates  successful 
recovery  out  of  shock  for  the  tried  period. 
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minutes  of  VP  were  tested  at  24  minutes  (Table  1) . 

In  additicn  to  the  difference  in  survival,  it  was  noted  that 
most  of  the  treated  animals  required  cne  electric  shock  and  limited 
ceirdiau:  massage  for  recovery,  while  the  controls  often  recjuired 
repeated  shocks  and  considerable  cardiac  assistance.  Many  of  the 
PGB^  treated  animals  defibrillated  spontaneously  and  required 
repeated  electrical  VF  to  maintain  the  fibrillaticn  for  the 
experiinent2LL  period.  This  was  rarely  observed  in  the  controls. 
Table  2 sutmarizes  the  frequency  of  spontaneous  defibrlHation  in 
ocntrol  and  treated  monJceys. 

B.  Studies  in  African  Green  Mcnkeys. 

1.  Initiad  VF.  Studies  involving  a single  prolonged  episode 
of  VF  were  made  in  14  control  and  14  treated  African  Green 

rtcnJceys.  TWo  different  groups  of  animals  were  exposed  to  a single 
episode  of  either  8 or  12  minutes  of  VF.  The  results,  sutmarized 
in  Table  3,  were  similar  to  those  obtained  in  the  sequential  VF 
studies  in  rhesus. 

In  the  treated  group,  89%  recovered  after  8 minutes  of 

VF  and  100%  cifter  12  minutes.  This  contrasts  with  33%  and  40% 
survivals  in  the  ccxitrols.  The  differences  are  statistically 
significant  (P<0.05).  The  ocrfcined  survival  (8  and  12  minutes) 
was  93%  for  the  treated  as  octnpared  to  36%  for  the  controls 
(P^O.Ol)  . 

This  experimental  design,  involving  a single  episode  of  VF 
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Table  2 


from  Ventricular  Fibrillation  After 


Induced  Mvocardiad.  Infcurction  in  Rhesus  Mcnkevs 


Fibrillation 

Time 

Minutes 


Incidence  of  Spontaneous  Defibrillaticn 
Controls  PGB^  Treated 


Percent 
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Table  3 

Survival  of  Control  and  PCB^  Treated  African  Green 
Monkeys  After  a Single  Fibrillation  Episode 


Period  of  VP 


Control 

No.  Surviving 

Toted.  Tested  % Survived 


P(Sjj  Treated 


No.  Surviving 
Total  Tested 


% Survival 
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made  possible  extended  observation  on  the  cardiovascular  status 
of  the  aLnimal  eifter  VF  for  a period  of  2-3  hours.  It  was  noted 
tdiat  a significant  nunber  of  the  oontrol  aniirals,  which  recovered 
cardiac  activity  aifter  initial  resuscitation,  rapidly  deterior- 
ated into  a state  of  circulatory  shock.  EJuring  this  period, 
repeated  administrations  of  NE  to  these  controls  resulted  in 
short-lived  pressor  effects  v.tiich  became  progressively  less 
(and/or  required  higher  doses  of  NE)  until  no  effect  could  be 
obtained  with  even  very  large  doses  of  NE.  In  contrast,  many 
PGB^  treated  animals  responded  to  NE  with  a pressor  effect 
which  did  not  return  to  the  previous  baseline.  Thus  in  the 
treated  group,  progressively  siraller  doses  of  NE  were 
needed  to  nuintain  an  adequate  blood  pressure  and  eventually  the 
pressure  was  maintained  without  any  exogenous  NE. 

2 . Infusions  of  Catecholamines  after  Resuscitation.  To 
evailuate  this  phenomenon  more  directly,  a series  of  experime.nts 
were  ccirried  out  where  animals  were  infused  continuously  with  NE 
following  a period  of  VF  and  the  infusion  rate  was  adjusted  to 
maintain  a diastolic  presstire  of  60ntrfig  during  the  post  fibrillatic.n 
period.  The  doses  of  NE  required  to  achieve  this  ranged  from 
0.3  to  300ug/roin.  Six  oontrol  and  12  treated  African  Green 

monkeys  were  studied  aLfter  the  ini tied  resuscitation.  In  5 out 
of  6 oontrols  (33%)  the  amount  of  NE  infused  had  to  be  progressively 
increased  to  maintain  the  desired  pressure.  Ln  4 of  these  animals, 
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the  pressure  cxxild  not  be  maintained  and  the  animals  died.  By 
ccntrast,  in  7 out  of  12  treated  animals  the  amount  of  NE 

infused  necesscuy  to  maintain  SOnmHg  was  progressively  decreased, 
and  an  12  animals  survived. 

In  many  other  ejqseriments  with  control  animals  that  had 
shock  levels  of  blood  pressure,  the  administration  of  repeated 
doses  of  NE  did  not  produce  a pressor  effect.  When  these  animals 
were  treated  with  PCS  , subsequent  administration  of  NE  at  the 
previously  ineffective  dcee  levels,  usually  produced  distinct 
pressor  responses. 

3.  Catecholamines  and  PCS  . In  initial  studies,  it  was 
found  that  intracardiac  administration  of  norepin^dirine  (NE) 
during  the  resuscitation  period  improved  greatly  the  incidence 
of  recovery  and  the  subsequent  status  of  the  animal  in  both 
ccntrol  and  treated  preparations.  Iherefore,  intracardiac 
NE  was  included  as  a standcurd  measure  in  the  studies  reported 
here.  Observations  made  during  these  initial  arid  subsequent 
studies  sviggested  that  there  was  a potentiating  effect  between 
PCS  and  catecholamines.  To  determine  whether  P(S  potentiated 
any  of  the  cagdiovascular  effects  of  NE  in  normal  animals,  3 
normal  anesthetized  mon3ceys  (Greens)  were  investigated  for  dose- 
respcnse  pressor  and  cardio-accelerator  effects  of  NE  (2-5ug/kg) 
before  and  after  PCS^.  These  did  not  demens trate  any  potentiating 
effect.  However,  in  the  animals  with  blood  pressrure  at  shook 
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levels,  pretreat3Tient  with  produced  a distinct  potentiaticn 
of  the  pressor  actions  of  NE.  An  example  of  this  effect  is  shown 
in  Figure  1. 

C.  Electron  Microsocpic  Sfardies. 

1.  In-vitro  studies.  In  an  effort  to  canplenient  the  kinetic 
studies  in-vitro,  and  the  recovery  studies  in-vivo  with  correlati''/e 
c±ianges  in  mitochcndrial  structure,  electron  microscc^  was 
carried  out  cn  isolated  mitochcndria  subjected  to  degenerative 
ccnditicns  in  the  absence  and  presence  of  These  are  ccm- 

pared  with  the  sections  of  heart  fran  areas  considered  normaul, 
bordering  the  infeurct  area,  and  from  the  infarct  area  from  control 
and  PCSjj  treated  mcnkeys,  after  coronary  aurtery  ligation  and 
fibrillation  for  12  minutes  followed  by  the  resuscitation  pro- 
cedures. 

The  EM  cbservaticns  made  in  the  three  mitochondrial  prepar- 
ations are  illustrated  in  Figure  2.  Figure  2A  represents  nontvad. 

1st  day  mitochcndria  vrfiich  shows  the  intact  and  hanogenous 
condition  of  the  original  isolated  preparation.  This  is  consistent 
with  the  high  phosphorylaticn  ability  of  this  preparaticn  (6u moles 
of  inorganic  phosphate  esterified  per  4 mg  mitochcndria  for  the 
20  min.  reaction  period) . Figure  2B  shews  mitochondria  degen- 
erated for  15  min.  and  reacted  under  ccnditicns  for  oxidative 
phosphorylaticn.  This  preparaticn  esterified  only  0.324moles 
of  inorganic  phosphate  and  served  as  the  control.  The  mitochondria 
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Figure  1.  Potentiation  of  the  Pressor  Effect  of  Norepinephrine  (Mil  following 
Treatment  with  PGBy.  This  animal  had  shock  levels  ol  pressure  ;ind  neglig i n 1 e 
responses  to  20  and  40  pg  doses  of  \E.  The  same  doses  of  NT,  produced  , narked 
pressor  responses  \vhen  tested  within  3 to  5 minutes  after  the  administrat ion 
of  10  mg  of 
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Figure  2.  Transmission  Electron  Microscopy  Ohsen,^atioas  on  Isolated  Rat  Liv^er 
MitochondriF!  (A)  Represents  first  day  mitochondria  which  have  excellent  homo 
geneity.  Almost  all  the  mitochondria  are  in  state  III  or  the  condensed  config- 
uration which  represents  the  low  energ>'  state  of  isolated  rat  liver  mitochondr 
The  matrix  material  is  very  dense.  Only  ver>’  few  mitochondria  are  not  in  the 
condensed  state.  Some  microsomes  also  can  be  seen.  (B)  The  fifth  day  mitochon 
dria  illustrated  here  also  shows  some  good  Itomogeneity . Hovvever,  all  these 
mitochondria  are  swollen  2 to  3 times  the  site  of  the  first  day  mitochondria, 
but  do  not  appear  lysed  and  show  only  a ver>'  small  ;imount  of  granular  intra- 
mitochondrial  content  and  almost  no  remniints  of  cristae.  (C)  Ihese  are  fifth 
day  mitochondria  treated  with  FGBx  which  are  less  swollen  than  the  luitreated 
mitochondria  (B)  and  contain  more  matrix  material  and  laembininous  derivatives 
of  cristae.  Tlie  small  mitochondria  appear  more  dense  than  the  suollcn  mito- 
chondria. All  three  plates  have  a magnification  of  20,(10i)X. 
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in  the  lyi  of  Figxire  2C  are  similar  to  the  ccntrol  (2B)  except  that 
lOug  of  PGBjj  were  added  to  tiie  reacticn  mix.  In  the  presence  of 
PCB^,  oxidative  phosphory laticn  wm  oonser'/ed  and  the  mitochondria 
esterified  4.36unoles  of  inorgzavic  phosphate  in  the  equivadent  time. 
Details  of  the  EM  differences  are  outlined  in  the  legend  to  Figure  2. 

2.  In-vivo  studies.  Tissues  for  the  electrcn  microscopic 
studies  were  removed  fron  three  untreated  and  three  PGB^^  treated 
animals.  Sections  were  taken  fron  the  left  ventricle:  (a)  from 
a distant,  appaurently  undamaged  area  in  the  base  of  the  left 
ventricle;  (b)  the  border  of  the  inf2u:cted  area;  and  (c)  the 
middle  of  the  infarcted  region.  Representati’/e  secticns  are 
shown  in  Figures  3 and  4.  Tissues  shown  in  Figures  3A-3C  were 
take^  from  an  untreated  animal  after  a 12  minute  period  of  VF  cnce 
it  was  established  that  the  aniiial  failed  to  recover.  The  P<$ 

x 

treated  animal  (Figure  4A-4C)  was  also  e^qxsed  to  12  minutes  of 
VF,  but  survived  and  was  sacrificed  2tftBr  a two  hour  mcnitoring 
period.  In  generad.,  the  mitochondria  tissues  from  treated 
animals  are  in  good  condition.  Although  many  mitochcndria  in  the 
infarcted  and  border  areas  are  smaller  than  normal  and  show  bizaunre 
elongated  shapes,  their  matrix  density  and  good  condition  of  mem- 
branes suggest  structural  integrity.  This  differs  considerably 
fron  the  degenerated,  vacuolated  condition  of  the  mitochcndria 
from  equivad-ent  regions  of  the  untreated  animal  heaurts  (Figures 
3B  amd  30  . 
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rigure  3.  Transiais-^ion  Electror.  Microscopy  Ohscn-aiions  on  Ti 55110  Sections 
from  an  IVitreated  Monkey  with  NK'Ocardial  Infarc t. ion  after  13  Minutes  of  \1- . 
(A)  Represents  the  Non-infarcted  1 issue  from  the  Base  of  the  Loft  \ontriclo 
I'B)  the  Border  lone;  (C)  the  Center  of  Infnrcted  Area.  (A1  in  tiio  non- 
infarcted  region,  the  mitochondria  in  soinc  areas  are  ’.veil  prescp.'cd  while  in 
others  they  are  lacking  in  matrix  density  but  sliow  intact  cristae  which  are 
prominent  and  numerous.  (B)  In  the  boi'der  cone,  the  mitochondria  are 
broken  and  leached  of  matrix  material.  [C)  In  the  infarcted  area,  the 
chondria  are  swollen,  highly  disorganized,  and  deteriorated.  Tlie  crist 
are  in  short  segments  within  a leached  matrix.  Magnification  in  all  t;i 
sections  is  24,600X. 


mito- 

ae 

reo 


X.-UX:-'7308-dn 


f-i4ure  4.  Transmission  i:iectron  Microscop\-  Ohsorvar ions  on  Tissue  Sections 
grom  a Monkey  wh ich  was  Treated  with  PGi^-  alter  12  Minutes  of  Vi'.  (..nT  Repre- 
sents  tiic  \on-infarcted  Tissue  from  the  Base  eg  t:ie  Leit  \cntricle;  iP'  tl.e 
liordcr  Area;  (C)  the  Center  ot  the  Intarcted  A-ca.  TaI  In  tne  non- iniarcted 
region,  t!'>c  nitoehondria  matrix  is,  in  general , ~3ense  and  in  good  condition. 
(R)  In  the  border  cone,  the  mitochondria  arc  numerous,  intact  and  dense  but 
arc  pleomorphic.  fC]  in  the  infarcted  tis.sue,  the  mitochondria  are  similar 
in  condition  to  those  in  the  border  cone  ( Bi ; the;.'  are  numerous  and  small 
and  some  show  imiusual  sha-pes  but  are  nevertheless  Intact  and  dense.  Magniii- 
cation  in  all  three  sections  is  24,bO('X. 
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Discxission 

The  prii-nary  hypothesis  underlying  the  experiments  described 
is  that  since  has  a unique  in-vitro  action  in  the  conser'/aticn 
of  oxidative  phosphorylation  under  oonditicns  degenerative  to 
mitochcndria,  a similar  action  in-vivo  should  serve  to  enhance  the 
survivad.  of  an  ischemic  anoxic  crisis  which  incurs  mitochcndrial 
damage.  This  implies  thait  cartiiac  muscle  contracticn  is  limited 
by  the  rate  at  vdiich  chemical  energy  can  be  supplied  by  the  metabolic 
process.  Although  there  is  ample  evidence  (1)  for  biochemicad.  and 
morphologicad.  changes  in  the  infarcted  myocardium  with  considerable 
damage  in  the  forms  of  vacuolation,  swelling  and  loss  of  crystaJLline 
structure  seen  in  mitochondria,  it  is  in^rtant  to  remember  that 
a distincticn  exists  between  biochemical  and  structural  damage. 
Mitochondria, which  may  take  a long  time  to  recover  morphologically, 
seem  to  regain  and  maintain  their  functional  integrity  even  hhough 
they  appear  ragged  and  disrupted  (12) . Despite  these  elements  of 
uncertainty  for  ^>ecific  sites  of  dysfunction,  there  remains  the 
overall  failure  in  the  mechanism  coupling  energy  transformation  with 
energy  utilization.  It  is  in  this  mechanism  that  we  propose  a role 
for  which  reacts  synergis tica  1 ly  with  norepinephrine  to  re- 
establish the  flow  of  energy  to  the  contractile  process  in  cardio- 
genic shock,  oan  be  definitively  associated  with  conservation 

and  reactivation  of  mitochondrial  synthesis  of  ATP  frcm  the  in- 
vitro  findings  (7) . According  to  Ellis  (13)  the  evidence  for 
norepinephrine  action  on  contraction  seems  to  be  at  seme  site 
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coupling  metabolic  energy  to  the  ccn tractile  process.  Catecholamines 
simultaneously  increaise  ATP  breakdown  and  contractile  force  (14) . 
Adrenergic  mediators  also  increase  the  aaximun  velocity  of  shortening 
(15,16)  . The  canbined  acticn  of  P(S^  and  norepinephrine  then  could 
reestablish  both  sufficient  energy  and  sufficient  utilizaticr.  to 
account  for  the  survival  aftsx  the  ischemic  crisis  and  cardiogenic 
shock. 

The  repeatedly  ccnfirmed  findings  that  P'Sjj  has  no  effect  or 
even  a small  inhibitory  acticn  on  intact  mitochondria  in-vitro  and 
no  demcnstrable  effect  on  the  normal  animal  cannot  be  overemph^lsi2ed. 
The  dramatic  acticns  of  occur  cnly  with  damaged  mitochondria 
in--vitro  or  after  ischemic  pathology  in-vivo.  The  effects  chserved 
suggest  that  can  replace  or  bridge  an  essential  factor  in 
energy  transfonnaticn  lost  when  mitochcndria  are  swollen  and  damaged. 
In  this  respect  it  resembles  a vitamin  functioning  as  coenzyme  which 
has  little  effecrt  cn  the  cx^nzyme  saturated  system  but  markedly 
activates  the  cxsenzyme  depleted  system. 

The  results  of  the  studies  obtained  in  both  Rhesus  and  African 
Green  mcnkeys  indicate  that  treatment  with  greatly  iirproved 
the  incidence  of  survival  after  pericxls  of  cxxnplete  circulatory 
eurrest  produced  by  VF.  Recovery  after  circulatory  arrest  d^5«vds 
initially  on  the  restoration  of  electrical  and  mechanical  activity 
of  the  heart  and  subsequently  on  the  reestablishment  of  the  cardio- 
vascular oontrol  mechanisms  responsible  for  the  mainte.nance  of 
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effective  blood  pressure  le^/els.  Irtproved  recovery  is  therefore 
likely  to  involve  primarily  cardiac  effects  followed  by  reversal 
of  the  shock  state. 

The  experimental  methods  used  in  the  present  studies  included 
prior  insult  to  the  heart  by  coronary  ligation  involving  a significant 
proportion  of  the  left  ventricle.  Under  these  conditions  improved 
ceurdiac  resuscitation  could  be  the  result  of  iirprovements  of  (a) 
the  general  status  of  the  entire  heart,  or  (b)  primarily  the  mar- 
ginal ischemic  regions. 

It  is  well  known  that  the  cardiac  resuscitaticn  is  more 
difficult  in  the  presence  of  coronary  occlusion  (8,9).  There- 
fore, one  possible  interpretation  of  the  results  is  that  treatment 
with  in  scxne  way  alters  the  degree  of  myocardiaLL  injury 

associated  with  coronary  occlusion.  This  caculd  be  the  case  if 
reduced  the  size  of  the  metabolically  injured  nyocardium  following 
corcxvary  occlusion.  It  is  now  generally  believed  that  the  tissue 
injury  prcxluced  by  corcnaLry  occlusion  includes  a significant 
portion  of  margined  tissue  with  diminished  blood  flow,  the  ultimate 
fate  of  vhich  depends  upon  the  discrepancy  between  the  tissue 
metabolic  demands  and  the  reduced  circulation (17,18,19) . The  effect  of 

in  restoring  phosphorylatLng  activity  of  previously  damaged 
mitochondria  in-vitro,  is  consistent  with  the  possibility  that  the 
results  of  the  present  study  could  be  due  to  actios  on  the 
narginal  aureas  of  coronary  occlusion.  However,  considering  that  VF 


26  - 


NADC- 77308- 60 


produces  generalized  hypoxia  in  the  entire  heart,  an  equally 
liJcely  action  of  (agciin  based  on  its  action  on  mitochondria) 

is  that  it  affects  the  ability  of  the  entire  heart  to  recover. 

Most  likely,  both  factors  play  a significant  role  in  determining 
the  difference  in  t±ie  survival  between  control  and  treated 

aninals  in  the  present  experiments. 

Alternative  interpretations  of  the  results  also  should  be  oon- 
sidered.  It  is  possible  that  the  observed  effect  of  in  the 
intact  animal  is  unrelated  to  its  actions  on  isolated  mitochondria 
and  represents  unrecognized  effects  on  the  sarccylasmic  reticulum 
or  other  cellular  membranes  such  as  lysosanes.  Preliminary  in- 
vitro  studies  suggest  a stabilizing  effect  on  lysosomes  isolated 
with  mitochcndria.  Moreover  the  in-vitro  effect  of  PGS^^  in 
favoring  phosphorylation  to  Ca  i:?5ta)ce  may  have  its  counter- 
part  in  regulating  excess  Ca  in  the  contractile  process  of  the 
anoxic  rryocardium.  It  is  ailso  possible  that  the  observed 
in-vivo  effect  may  depend  on  interaction  betvreen  and  other 
natUTedly  occurring  compounds.  Ln  this  connection  tiie  potentied. 
Interaction  between  and  circulating  catecholamines  is  of 
particular  interest  in  view  of  the  observations  made  during  the 
present  studies  on  the  biological  interactions  between  P<B^  and 
norepinephrine.  All  these  alternates  represent  plausible  specula- 
tions vdiich  2ure  sxibordinate  to  the  firm  e:q:eriment2Ll  facts  of 
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PG3^  action  on  mitociiandria. 

Although  PGBjj  is  a polynaric  derivative  of  prostaglandin  B, 
it  has  none  of  the  reported  activities  of  any  of  the  known 
prostaglandins.  Both  its  itolecular  size  and  structure  which 
includes  a stable  free  radical,  conpcnent  favor  a unique  metabolic 
action  not  shewn  by  the  mcncmeric  prostaglandins.  It  is  also 
unrealistic  to  expect  that  would  be  oenverted  metabolicaully 
to  a mcnomeric  prostaglandin.  Therefore,  it  would  be  unlikely 
to  have  biological  properties  attributed  to  the  known  prostaglandins. 
PGB^  has  no  structural  similarity  to  PGX  (or  PGI2)  recently 
reported  (20,21) . 

In  general,  the  present  results  favor  the  view  that 
has  an  activity  in-vivo  similar  to  that  previously  demonstrated 
in  isolated  mitochendria.  then  would  constitute  the  proto- 

type of  an  entirely  new  class  of  conpeunds  vAiose  biologicad 
activity  would  involve  restoration  of  metabolic  functiois 
following  hypoxic  or  ischemic  injury.  Pharmacological  cxirpounds 
possessing  such  an  auttivity  would  have  a broad  application  in  a 
vauh.ety  of  disease  and  traumatic  states. 
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